A new technique for the rapid detection and analysis of triterpenic compounds in apple extracts using HPLC was developed and validated. The main advantage of this technique is the short duration of the analysis -this makes this technique superior to others currently applied for the routine HPLC analysis of triterpenic compounds. The developed, optimized, and validated technique was used for the evaluation of triterpenic compounds in samples of different cultivars of apples, their peels, and flesh. In total, four triterpenic compounds were isolated and identified. Ursolic acid was the dominant compound in all the tested apple samples. The highest amounts of triterpenic compounds were detected in the peels of the 'Lodel' apple cultivar, and thus apples of this cultivar may be potentially useful for the isolation of individual compounds and the production of functional food and dietary supplements.
Introduction
Apples are among the most commonly consumed fruit in the world. [1] They are widely used in food industry for the manufacturing of various products and drinks (e.g. juice, wine, or cider), and are also used unprocessed. [2] In human diet, apples are an important source of different groups of biological active compounds that can positively contribute to the prevention of various diseases. [3] Triterpenic compounds are the biologically active compounds found in apples and are among the most promising and most significant compounds for human health. [4] [5] [6] [7] A reliable analytical instrument is required in order to obtain detailed results in the analysis of the phytochemical composition of apples. The chromatography techniques that are most commonly used in the evaluation of the quantitative and qualitative composition of triterpenic compounds include high-performance liquid chromatography (HPLC), gas chromatography, and thin layer chromatography combined with tandem mass spectrometry. [8, 9] Capillary electrophoresis is a less commonly used technique of electrochemical analysis. [10, 11] The popularity of the HPLC technique in the analysis of triterpenic compounds is due to its high effectiveness and sensitivity, as well as the excellent reproducibility of its results. [12, 13] The reversed-phase HPLC techniques presented by different researchers have several similarities: in all cases, isocratic elution is applied, and columns with particle size of 5 μm are used. [14] [15] [16] Plante et al. tried to improve HPLC peak separation in the analysis of triterpenic compounds using triacontane (C 30 ) groups [17] , yet in their HPLC analysis, they most commonly used C 18 particle-packed columns. [18] [19] [20] In the analysis of triterpenic compounds in apple samples, the following eluents are most commonly used: acetonitrile, methanol, and water, which could be acidified with vinegar or formic or phosphatidic acids. [15, 16, 19] Analyte detection is usually performed using ultraviolet or ultraviolet/visible light, photodiode array, or mass spectrometry detectors, while evaporative light scattering detectors, fluorescence, and charged aerosol detectors are less commonly employed. [14, 15, 17] The improvement in the chromatographic separation and analyte detection equipment and the search for new compounds and various metabolites resulted in the use of complex systems with various detection techniques (ultra-HPLC-DAD-MS, ultra-HPLC-DAD-NMR, etc.) for the identification of the synthesis pathways of the bioactive components accumulated in plants. [21, 22] The acquisition and maintenance of such equipment are associated with high costs and the need for highly qualified specialists. Meanwhile, the routine analysis of botanical extracts still widely employs classic HPLC with a diode array detector, which can be easily performed and is relatively inexpensive.
In some of the HPLC techniques described in literature, the duration of the partitioning of triterpenic compounds is relatively long (25-30 min) , which may increase the time consumption and costs of the analysis. [14, 19, 20] The techniques of the quantitative and qualitative analyses of the content of triterpenic compounds in apples described in literature sources may not always be suitable for implementation in other laboratories. Because of possible differences in the phytochemical composition of the apples, these techniques may be unsuitable for the analysis of local cultivars. Because of this, a detailed scientific analysis requires the redevelopment of sample preparation and mobile phase gradients of the techniques designed in other laboratories. The need for the development of a novel technique was confirmed by our preliminary attempts to adapt the techniques found in scientific literature sources: these attempts did not yield the desired results. Thus, we decided to develop, optimize, and validate a new reversed-phase HPLC-DAD technique with a short duration of the analysis, which would be suitable for the routine quantitative and qualitative evaluation of triterpenic compounds in apple sample extracts.
Materials and methods

Plant material
The following apple cultivars were included in the study: 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel', and 'Rajka'. The study was conducted in 2016-2017. The trees were trained as slender spindles. Pest and disease management was carried out according to the rules of the integrated plant protection. The experimental orchard was not irrigated. Tree fertilization was performed based on the results of soil and leaf analysis. Nitrogen was applied before flowering at the rate of 80 kg/ha, and potassium was applied after harvest at the rate of 90 kg/ha. Soil conditions of the experimental orchard were the following: clay loam, pH -7.3, humus -2.8%, P 2 O 5 -255 mg/kg, and K 2 O -230 mg/kg. The apple cultivars 'Auksis' (early winter cv., bred in Lithuania), and 'Ligol' (winter cv., bred in Poland) are the main cultivars in Lithuanian commercial orchards. The cv. 'Aldas' (early winter cv., bred in Lithuania), 'Lodel' (winter cv., bred in Poland), and 'Rajka' (winter cv., bred in the Czech Republic) are scab-immune cultivars recommended for ecological orchards.
Preparation of samples
The whole apple fruit slices, apple peel, and apple flesh were immediately frozen in a freezer (-35°C) with air circulation; subsequently, these frozen samples were lyophilized with a ZIRBUS sublimator 3 × 4 × 5/20 (ZIRBUS technology, Bad Grund, Germany) at a pressure of 0.01 mbar (condenser temperature: −85°C). The lyophilized samples were ground to fine powder by using a Retsch 200 mill (Haan, Germany).
Extraction
During the analysis, 1 g of lyophilizate powder (exact weight) was weighed, added to 10 mL of acetone, and extracted in a Sonorex Digital 10 P ultrasonic bath (Bandelin Electronic GmbH & Co. KG, Berlin, Germany) at room temperature for 10 minutes. The conditions of the extraction were chosen based on the results of the tests for setting the extraction conditions. The extract obtained was filtered through a paper filter, and the residue on the filter was washed with acetone in a 10 mL flask until the exact volume was reached.
Instrumentation and chromatographic conditions
A chromatograph equipped with a Waters 2998 PDA detector (Waters, Milford, USA) was used for HPLC analysis. Chromatographic separations were carried out by using an ACE (5 μm, C18, 250 × 4.6 mm i.d.) column. The column was operated at a constant temperature of 25°C. The volume of the analyzed extract was 10 µL. The flow rate was 1 mL/min. The mobile phase consisted of acetonitrile (solvent A) and water (solvent B). We applied isocratic elution, the eluent ratio being 88% (solvent A) and 12% (solvent B). For quantitative analysis, the calibration curve was obtained by injecting known concentrations of different standard compounds. All the identified triterpenic compounds were quantified at 205 nm wavelength.
Statistical data analysis
All the experiments were carried out in triplicate. Means and standard deviations were calculated using computer software Microsoft Office Excel 2013 (Microsoft, Redmond, Washington, USA) and SPSS 20.0 (Chicago, Illinois, USA). A single factor analysis of variance (ANOVA) along with the post-hoc Tukey test was employed for statistical analysis. Differences were considered to be significant at p < 0.05.
Results and discussions
Selection of the conditions for the extraction of triterpenic compounds from apple samples Selection of the conditions of extraction is one of the most significant analytical steps in the development of the technique for qualitative and quantitative evaluation of biologically active compounds in botanical raw material. [23] The extractant used in the extraction is an important factor that determines the outcome of the extraction of the studied compounds and allows for the prognostication of the qualitative and quantitative composition of individual compounds in botanical extracts. [24] The extraction of triterpenic compounds from botanical raw material is most commonly carried out with the help of non-polar extractants, such as acetone, alcohols (ethanol, methanol or (less frequently) other lower alcohols), hexane, ethyl acetate, diethyl ether, or liquid chlorinated hydrocarbons (chloroform or dichloromethane) or their mixtures. [24] [25] [26] The analysis of scientific literature revealed a number of publications on the phytochemical composition of apples and its variation in whole apples and apple peel and flesh samples. Most commonly, phenolic compounds were analyzed, whereas other equally important biologically active compounds of other groups (such as pentacyclic triterpenic compounds) received much less attention. For these reasons, it is highly relevant to evaluate the variation in the phytochemical composition of triterpenic compounds in apple samples using modern analysis techniques.
According to scientific literature, sonication is one of the most suitable techniques for the extraction of triterpenic compounds from apple samples. This technique is especially suitable for the extraction of compounds that are sensitive to high temperatures (during microwave extraction, high temperature is used, which may destroy biologically active compounds). This technique is easily applicable in routine analysis (extraction with supercritical fluids or compressed fluids requires expensive equipment, which is not always available in routine analysis), and the duration of the extraction is sufficiently short (the application of maceration and extraction in the Soxhlet extractor requires a lot of time). [27] [28] [29] Based on the previous studies of other researchers, we selected the sonication (extraction in an ultrasonic bath) technique for the extraction of triterpenic compounds from whole apples and apple peels and flesh.
During the first stage of the study on the selection of the conditions of extraction, we evaluated the influence of the extractant on the outcome of the extraction of triterpenic compounds. Based on the research findings published by researchers worldwide [16, 30] , we selected the following extractants for the investigation of the conditions for the extraction of triterpenic compounds from apples: 100% methanol, 96% ethanol, and 100% acetone. The greatest total amount of the identified triterpenic compounds (2.29 ± 0.06 mg/g, p < 0.05) was detected after the extraction of apple samples with 100% acetone (Figure 1 ), and thus this extractant was selected for further study on the determination of the conditions of extraction.
During the next stage of the study on the selection of the conditions of extraction, we evaluated the effect of the duration of the extraction on the outcome of the extraction of triterpenic compounds from apples. The statistically significantly greatest total amount of the identified triterpenic compounds (2.38 ± 0.01 mg/g, p < 0.05) was detected after the extraction of apple samples at room temperature for 10 min (Figure 2 ), and therefore this duration was selected for the comparative studies on triterpenic compounds in whole apples, apple peels, and apple flesh of various cultivars. Thus, summing up, the investigation of the effectiveness of the extraction of triterpenic compounds showed that the greatest total amount of the identified triterpenic compounds was detected after the extraction of apple samples with 100% acetone in an ultrasonic bath at room temperature for 10 min. For this reason, these conditions of extraction were selected for further investigation.
Validation of the technique
To evaluate the suitability of the applied HPLC technique for quantitative and qualitative analysis of triterpenic compounds in extracts of apple samples, validation of the technique was conducted. The validated technique ensures that the results obtained during the study are reliable and reproducible and reflect the actual quantitative and qualitative composition of triterpenic compounds in the extracts of the studied apple samples. The validation of the technique was performed according to the ICH recommendations. [31] The following characteristics of validation were evaluated: the selectivity of the method (specificity), precision, the detection and quantitation limits of the analytes, and linearity. The evaluation of the selectivity of the method for peak identification and purity was based on the comparison of the retention times and UV spectra of the analytes with those of the standard compounds. The limit of detection (LOD) and the limit of quantitation (LOQ) of the analytes were assessed by comparing the peak height to baseline noise. The ratio of the peak height to baseline noise (signal-to-noise ratio) used for the estimation of the LOD was 3:1, and for the LOQ -10:1. The determined LOD ranged from 0.15 µg/mL (betulinic acid) to 0.20 µg/mL (oleanolic acid). The determined LOQ ranged from 0.45 µg/mL (betulinic acid) to 0.60 µg/mL (oleanolic acid). The estimated determination coefficients (R 2 ) of the calibration curves were greater than 0.999, and this proves the linearity of the quantitative determination technique ( Table 1 ). The obtained results confirm that this method can be used for quantitative and qualitative analysis of triterpenic compounds.
The precision of the HPLC method was assessed based on two parameters -repeatability and intermediate precision. The evaluation of repeatability was based on the results of consecutive analyses performed within the same day (6 consecutive analyses of a mixture of standard compounds at 3 different concentrations performed within the same day). The percent relative standard deviation (%RSD) of the repeatability of the method, determined according to the peak area, ranged from 0.28% (corosolic acid) to 1.61% (oleanolic acid). The intermediate precision of the results was assessed based on the results of analyses performed within 3 different days (6 consecutive analyses of a mixture of standard compounds at the mean concentration performed within the same day; 18 analyses in total). All the obtained results describing the precision of the developed HPLC technique are summarized in Table 2 .
The results of the validation of the HPLC technique indicate that the developed technique is suitable and may be applied in studies on the qualitative and quantitative composition of triterpenic compounds in apple samples and their products. The evaluation scores of the validation parameters of the HPLC technique confirmed the suitability of this HPLC technique, and thus it was applied in Limit of quantification the analysis of the composition of triterpenic compounds in the extracts of fruit, peels, and flesh of apples of various cultivars grown in Lithuanian climate conditions.
Analysis of the variation in the quantitative and qualitative composition of triterpenic compounds in whole apples
The developed and validated HPLC technique was applied to investigate extracts of lyophilized apple samples of cultivars 'Aldas', 'Auksis', 'Connel Red', 'Ligol', 'Lodel', and 'Rajka'. The results of the analysis of triterpenic compounds detected in apples of different cultivars grown in Lithuania will be valuable in the breeding of apple cultivars. This will allow for breeding the cultivars with the greatest amounts of triterpenic compounds and with fruit that may be valuable for the isolation of individual compounds with a specific biological effect, which could first be used in studies in vivo and later -in medical practice. The variation in the quantitative composition of triterpenic compounds in apple samples of different cultivars is presented in Table 3 . The example of a chromatogram is presented in Figure 3 . The highest total amount of the identified triterpenic compounds (3.173 ± 0.136 mg/g) was detected in samples of the 'Lodel' apple cultivar. Ursolic acid was the predominant compound. It comprised the greatest part (72.1-81.2%) of the total amount of all triterpenic compounds detected in the extracts of the apple samples. The results of the study published by Grigoras et al. confirm our findings -in their study, ursolic acid also predominated among triterpenic compounds detected in extracts of apple samples. [19] This acid may comprise 70% or more of the total amount of all triterpenic compounds detected in extracts of apple samples. [22] All the results of the analysis of individual triterpenic compounds in whole apple samples are presented in Table 3 . The amounts of oleanolic and corosolic acids detected in the studied extracts of apple samples were similar to those previously detected by other researchers: the amount of oleanolic acid in apple samples may range from 0.16 g/100 g to 1.0 g/100 g of dry raw material [32, 33] , and the amount of corosolic acid in apple samples reaches up to 0.51 g/100 g. [32] To evaluate the variation in the quantitative composition of triterpenic compounds between apple samples of different cultivars, we calculated variation coefficients reflecting the range of the variation for each compound ( Table 3 ). The factor of the cultivar had the greatest effect on the variation in the quantitative composition of corosolic acid (CV = 63.5%). For other detected triterpenic compounds, the coefficients of variation were smaller. Oleanolic acid exhibited the smallest variation in its amount between samples of different apple cultivars (CV = 15.9%). Summing up the obtained results, the identified and quantitatively evaluated triterpenic compounds in extracts of the samples of the studied apple cultivars may be arranged in the following order by decreasing amount: ursolic acid > oleanolic acid > corosolic acid > betulinic acid. These results confirm the findings previously published by Jemmali et al. [32] Analysis of the variation in the quantitative and qualitative composition of triterpenic compounds in apple peels A study conducted by Nour et al. [34] showed that the qualitative and quantitative composition of biologically active compounds differed between different parts of the apples. To evaluate the variation in the phytochemical composition of apple cultivars grown in Lithuanian climate conditions, a quantitative and qualitative analysis of triterpenic compounds in different parts of the fruiti.e. its peels and flesh -is expedient. The obtained knowledge will allow for a broader use of apple flesh and peels in food industry and for health improvement -i.e. to produce dietary supplements, teas, and other preparations.
The analysis of the qualitative and quantitative composition of apple peel extracts showed that the total amount of the identified triterpenic compounds in lyophilized apple peel samples varied from 5.271 mg/g (cultivar 'Aldas') to 8.327 mg/g (cultivar 'Lodel'). The variation in the quantitative composition of triterpenic compounds in apple peel samples of different cultivars is presented in Table 4 . The amount of ursolic acid detected in apple peel samples was by 2.5-3.4 times greater than that detected in whole apple samples. The greatest amount of ursolic acid was detected in apple peel samples of the 'Lodel' cultivar -as was the case with whole apple samples (Table 4) . Ursolic acid comprised 72.5-79.6% of the total amount of all triterpenic compounds detected in the extracts of the apple peel samples. The percentage of ursolic acid in apple peel samples was very similar to that detected in extracts of whole apple samples. The obtained results confirm the variation in the percentage of ursolic acid detected by other researchers. The percentage of this acid may comprise as much as 98% of the total amount of all the triterpenic compounds identified in extracts of apple peel samples. [35] In the peel samples of all the studied apple cultivars, the detected amount of oleanolic acid was smaller than that of ursolic acid. This pattern was also confirmed by data of studies published by other researchers. [20, 30] Compared to ursolic acid, which predominated in apple peel samples, the percentage of oleanolic acid was lower and comprised 14.1-18.8% of the total amount of all the triterpenic compounds identified in extracts of apple peel samples. These results are in line with findings previously published by other researchers. Scientific literature indicates that the amount of oleanolic acid accumulated in apple peels ranges from 7% to 15%. [30, 35] The percentage of betulinic acid, compared to that of other identified and quantitatively evaluated triterpenic compounds (ursolic, oleanolic, and corosolic acids) was significantly lower and comprised only 0.7-1.1% of the total amount of all the triterpenic compounds identified in extracts of apple peel samples. The evaluation of the percentage of betulinic acid in extracts of apple peel samples showed that it was similar to the percentage distribution of this acid in extracts of whole apple samples. The obtained results confirmed those previously published in scientific literature -i.e. that the percentage of betulinic acid in extracts of apple peel samples ranges from 1.0 to 2.7%. [36, 37] The calculation of the variation coefficients for individual compounds in apple cultivars showed that corosolic acid (50%) exhibited the greatest variation between the apple peel samples of different studied cultivars, whereas the variation of oleanolic acid was the lowest (10.3%) ( Table 4) . Summing up, the predominant triterpenic compound in apple peel samples was ursolic acid, and the amounts of betulinic acid were the lowest. Such pattern of the variation in the quantitative and qualitative composition of triterpenic compounds was also confirmed by the results of the studies published by Cortina et al. [38] Analysis of the variation in the quantitative and qualitative composition of triterpenic compounds in apple flesh
The total amount of the identified and quantitatively evaluated triterpenic compounds in lyophilized apple flesh samples ranged from 0.156 mg/g (cultivar 'Ligol') to 0.417 mg/g (cultivar 'Rajka'). It was by 18.4-44.9 times lower than that found in apple peel samples. Like in whole apple and apple peel samples, ursolic acid was the predominant compound among all the determined analytes ( Table 5 ). The greatest amount of ursolic acid (0.249 ± 0.012 mg/g, p < 0.05) was detected in apple flesh samples of the 'Rajka' cultivar ( Table 5 ). The obtained results differ from those discussed above where the greatest amount of ursolic acid was detected in whole apple and apple flesh samples of the 'Lodel' cultivar. Scientific literature indicates that the amount of ursolic acid in apple flesh samples varies by up to 1.43 g/100 g. [33] As with whole apple and apple peel samples, in extracts of apple flesh samples, ursolic acid comprised the greatest percentage -59.8-82.1% of the total amount of all the detected triterpenic compounds. The percentage of ursolic acid in extracts of apple flesh samples was significantly higher than that calculated by Kukina et al. (28.9%) . [39] Statistically significantly the greatest amount of oleanolic acid (0.093 ± 0.013 mg/g, p < 0.05) was detected in apple flesh samples of the 'Rajka' cultivar ( Table 5 ). The data of the evaluation of triterpenic compounds in whole apples and apple flesh samples differed -whole apple samples of the 'Rajka' cultivar were found to contain the smallest amounts of oleanolic acid. The obtained results confirm the data published by German researchers Jäger et al., where the amount of oleanolic acid in apple flesh samples could reach up to 0.28 g/100 g. [33] The percentage of oleanolic acid comprised 12.5-29.5% of the total amount of all the triterpenic compounds identified in extracts of apple flesh samples, and was by 2.8-4.8 lower than that of ursolic acid. The obtained results differ from those [39] The detected amount of betulinic acid was the smallest of all the quantitatively evaluated triterpenic compounds in apple flesh samples of all the studied cultivars. Our results are in line with those obtained by Cortina et al. [38] Betulinic acid was detected in extracts of apple flesh samples of only four cultivars -'Aldas', 'Auksis', 'Ligol', and Rajka', whereas apple flesh samples of the 'Connel Red' and 'Lodel' cultivars did not contain this acid (Table 4 ). According to the data of the previously discussed studies, the extracts of whole apple samples of the 'Lodel' cultivar and the extracts of apple flesh samples of the 'Connel Red' cultivar were found to contain the greatest amounts of betulinic acid. The percentage of this acid in apple flesh samples was the smallest, compared to the percentage of ursolic, oleanolic, and corosolic acids -it comprised only 1.2-7.2% of the total amount of all the detected triterpenic compounds in apple flesh samples. The percentage of betulinic acid in extracts of apple flesh samples was by 1.7-6.6 times greater than that detected in apple peel samples and by 1.3-5.1 times greater than that detected in whole apple samples.
The greatest coefficient of variation between the apple flesh samples of the studied cultivars was observed for corosolic acid (82%), and the lowest -for ursolic acid (44.3%). These data also confirm the importance of the cultivar as a factor affecting the quantitative composition of apples, described in other literature sources. [40] The analysis of the quantitative and qualitative composition of triterpenic compounds in apple flesh samples showed that in extracts of apple flesh samples, ursolic acid was the predominant triterpenic compound, whereas the amounts of betulinic acid were the smallest. A similar variation in the quantitative composition of triterpenic compounds in apple flesh samples was found in a study by Jeong et. al. [41] The obtained results of the analysis of whole apples, apple peels, and apple flesh and the calculated CV for triterpenic compounds proved the influence of the part of the fruit and the cultivar on the variation in the quantitative content of these compounds. In addition, factors such as genetic variation, growth period, growing season [42] , rootstocks [43] and management technologies, geographic location [44] , and tree nutrition [45] could affect the concentration of biologically active compounds.
Conclusion
The HPLC-based analytical procedure for the detection and evaluation of triterpenic compounds in apple samples of 6 popular cultivars was developed, optimized, and validated. The specificity, precision, and assay range confirmed the suitability of this method. The distribution of 4 triterpenic compounds was determined in the tested whole apple, apple peel, and apple flesh extracts. Ursolic acid was the major component in the all samples of all the tested cultivars. The greatest total amounts of the identified and quantitatively evaluated triterpenic compounds were detected in apple flesh samples, smaller amounts -in whole apple samples, and the smallest amounts -in apple flesh samples. The greatest influence of the cultivar factor on the variation in the total amounts of triterpenic compounds was detected in apple flesh samples (CV = 43.7%).
The results of the study proved that this developed and validated HPLC technique may be successfully applied in the evaluation of the composition of triterpenic compounds in the extracts of whole apple, apple peel, and apple flesh samples of various cultivars. This technique might also be suitable for the analysis of the extracts of other botanical raw material that accumulates triterpenic compounds.
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